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I“hmnophysical properties of high temperature moltcm nut(erials  have not been clmmnincd
accurately because of the cxpcrimcnt:i]  problctns  associated with t:iking tneasuremcnts at
high temperatures. } lowcvcr-, the demands for accurate thcrmc)physical  prope.rt y values
have been strong in recent ye:irs for applications in both scicn(ific  and engineering. I~or
instance, the structures of Iiquicis arc less understood in comparison to those of solids and
gases. ‘l’he theoretical studies of simp]e liquids will significantly advance if ccrlain
thermophysical  properties of mol[cn metals are accurately clcter[:~ined  since the metals form
the simplest liquid  structures. ‘l”he electronics industry constantly ctemalds high quality
semiconductor materials for hig,h density integrated circuit devices. in order to simulate the
crystal growth for optimization of the, growth process, the accurate thcrmophysical
properties of molten scmicond~lc[ors arc esscnti:tl input parameters.

Among the problems associated with taking tmasurcmcnts  at high temperatures is the
sample contamination due to reaction with the ccmtainer  material. “l’his is a common
prc)blcm for any property measurements. ‘1’his contamination can be totally avoided if the
material is processed in a container-te.ss nwnner.  Sever-al techniques have been ctcwlopcct  to
ac.hic.ve  this objective on ealth  throilgh levitation of a material in air. ‘1’he common obstacle
to these techniques is gravity v’hich  pl]ts a li[~litation  cm materials whict] can be le.vitatcd.
l.cnv density materials arc generally ctisy to levitate and promss.  “1’o overcome this
limitation, it is natural to seek a n~icrogrfivity  cnvironn~ent  to pcrforlll the measurements. A
sbor( duration of the microgravity environment can be realized  on earth by free Pall of the
samp]c. For a long duration, a satellite orbiting around the, earth is an icle:il  place. Since
access to the space environment is very limited and expensive, it is impor-tant to make the
best effort to perfcmm earth-based measllrements first. ‘I”he space-based rneasurenmnts
should be reserved only for rwxrsurcments  which cannot be pe.rfonned  on earth.

At JPI., we have developed a high temperature electrostatic Iey’itation  systenl  for the ground
based applications 1, 2]. I“he systetl] is operated in a high v:icuutll level  (-lo-~ torr) and
can heat up a sample to 2(KK) K. A typical sample. diameter is 2-3 n}m. Advantages of the
electrostatic levitation technique over other levitation techniques, especially the
electromagnetic levitation is dccotl~)ling  of levitation and heating elements and a Wide
sclcc(ion of samples to be levitated. “1’hc sample  can bc lcvit:ited  at any te.mpcratmc  between
room and maximum temperatures. Both conductive ant] non-conductive (inclucii[lg semi-
conc]uctive)  m:i(crials can be. levitated. l~or any thcrlmphysical  proper-[y measurements,
diagnostic devices must be irlcorpmtted m’ittr the levitation technique, “J’hc devices r~~ust  be
based on non-invasive techniques to t:ike advantage of the Invitation technique.. We have,
developed the diagnostic techniques sLIch as a high speed  pyroI~~eter,  sample image
acquisition and oscillating sample image acquisition. ‘1’hese  techniques allow us to measure
the thermophysical  proj)erties  Which include the density (specific volumc)[3, 4], total
hemispherical e.rnissivity[5,  6], s])ecific heat[  5, 6], surface tcnsion17,  8], and viscosity [7,
8].
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A n  o b j e c t i v e  of OLIr measumnwnts  is to f ind  (}1c l imi ta t ion  of (Ilc grounci-based
measurements in order to detcrlninc (IIC necessity of similar tneasurements in space. We
have ichmtified  the propmy  tncasure.l~~cnts  which may be significantly improved if they arc
pcrforlmd  in a microgravity  environment because the measureci property values arc
sensitive to the levitation force, which is very st[ong  for the ground-based levitation. I@r
example, wc employed an oscillation damping technique to determine the viscosity and
found that the danlping constant was :iffcctcd  by the levitation p:iran]e~ers[7].  ‘1’hc next
IoSical  step will be to test v’hcther a short di!ration of the microgr[tvity  environment rc:ilized
on earth is enough for these r~le.:isllrcrl~ct~ts.

We are also working on enhancing the present  cap:ibili(ics  of the system. We will install
clc.vices which will allow LIS to raise the upper limit of the temperature, to measure the
spectral emissivi(y of the sample, and to manipul;  ttc the s:imple rotation. ‘1’hcse enhanced
capabilities will allow us to improve the accurticy of the measurements. Wc envision adding
the capabilities which will allow LIS to measure the themal and electrical ccmductivities  and
to determine the liquid structtlres in the near future.

‘l’his work represents one phase of research c:ir[-icd  out at the Jet l’repulsion 1.aboratory,
California Institute, of ‘1’cchnolosy,  un(icr contritct with the National Aeronautics and Space
Administration.
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